A monoclonal antibody was raised against the highest molecular weight protein associated with microtubules (MAP-1). Its specific binding to MAP-1 was determined by immunoblotting of the gel electrophoretogram of microtubule proteins prepared from porcine brain. The antibody reacted only with MAP-1, not with MAP-2, tau or tubulin. Indirect Immunofluorescent staining by this antibody showed bright intranuclear spots, the centrosome and the faint meshwork of the cytoplasm in several types of cultured mammalian cells; HeLa, PtK2, human skin fibroblasts, mouse melanoma cells, Chinese hamster ovary cells. The nulcear spots in the interphase cells, were replaced by diffuse enhanced fluorescence throughout the cell except for chromosomes during mitosis. They reappeared in late telophase, first in the cytoplasm, late in the nucleus. The punctate pattern of nuclear immunofluorescence was not affected by microtubule-depolymerizing agents. The result that it persisted on residual cell structures after extraction with a high salt concentration buffer containing Triton X-100 followed by digestion with DNase I and RNase A suggests that the antigen is associated with the nuclear skeleton.
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Certain proteins are copurified with tubulin in brain extracts through the repeated cycles of microtubule assembly and disassembly in vitro, and termed "microtubuleassociated proteins" (MAPs). Of these proteins, the heat-resistant components, MAP-2 and tau proteins have been well investigated. They stimulate net microtubule assembly and stabilize the polymerized form (1) . MAP-2 projects from the surface of the microtubule in a periodic manner (2) , interacts with actin filament (3), and is phosphorylated by cyclic AMP-dependent protein kinase (4) . Antibodies against MAP-2 and tau proteins have been shown to be associated with microtubules in intact cells (5, 6 ).
Abbreviations used: MAPs, microtubule associated proteins; MTOC, microtubule organizing center; PIPES, piperazine-N,N'-bis (2-ethane sulfonic acid); SDS, sodium dodecyl sulfate.
In contrast, very little is known about the other components of MAPs. The highest molecular weight MAP-1 is sensitive to heat and is rapidly decomposed by proteases during its purification. Methods for the purification of MAP-1 and measurement of its assembly promoting activity have been developed recently (7, 8, 9, 10) . Moreover, the immunochemical resemblance of MAP-1 to erythrocyte ankyrin has been reported (11) . Ankyrin, the membrane attachment protein for spectrin, cross-reacts with MAP-1 and is copurified with tubulin as microtubules during successive cycles of polymerization and depolymerization. The antibody against ankyrin produces immunofluorescence in a cytoplasmic meshwork and nuclear spots in interphase cells as well as in a mitotic apparatus (11) . In order to determine the role of MAP-1 in cell proliferation we raised a monoclonal antibody against it. In the present work, immunofluorescent staining of cultured cells at various stages in the cell cycle was performed using this antibody. Our results show a punctate nuclear pattern similar to that observed with anti-ankyrin antibody. This immunofluorescence image differs distinctly from that obtained by staining microtubules with antibodies against MAP-2 and tau proteins (5, 6) . Also shown is the localization of the immunofluorescence at the centrosome (12) . The drastic change in the distribution of the antigenic molecule during mitosis and its association with nuclear skeleton during interphase appears to be important. 
RESULTS
Characterization of the monoclonal antibody, Production of antibody against MAPs in the culture fluids was detected in 46 hybridoma clones by an enzyme-linked immunosorbent assay. Indirect immunofluorescent staining of B16-C2W melanoma cells by the culture fluids of the 46 clones mostly produced fluorescence in the cytoplasmic meshwork, but staining by the fluid from two clones showed bright nuclear spots. One of these two clones was rapidly growing, and easily subcloned three times by limiting dilution. The subclass of the immunoglobulin in the concentrated cultured fluid was determined by the Ouchterlony test as IgM. Fig. 1 shows the results of immunoblotting. Comparisons are made on the patterns of Coomasie blue stain of a polyacrylamide gel after electrophoretic separation of microtubule proteins prepared from porcine brain (A), of a Coomasie blue stain of blotted nitrocellulose membrane (B), and of an immuno-peroxidase stain of the blotted membrane using avidin-biotin complex (C). With a 4-15 % gradient gel, good separation of high molecular weight MAPs was obtained. The monoclonal antibody reacted only on the two bands that correspond to MAP-1 (the highest molecular weight MAP).
Localization of immunoreactive molecules in the cell. Fig. 2 shows HeLa cells and PtK2 cells double-stained by indirect immunofluorescence both with monoclonal anti-MAP-1 antibody and with polyclonal tubulin antibody. With MAP-1 antibody, nuclei were stained intensely as many bright spots, but these spots were absent from the nucleoli (Fig. 2-A) . The number of fluorescent nuclear dots ranged from 32 to 81 with a mean value of 56 in HeLa cells; they appeared to be intranuclear. The cytoplasmic meshwork of microtubules was stained weakly, which differs from the localization of tubulin (Fig. 2a) . To examine the specificity of the staining, the monoclonal antibody was first incubated with purified high molecular weight MAPs (a sample eluted from SDS-polyacrylamide gel) or with purified tubulin (a sample from phosphocellulose column chromatography). The nuclear fluorescence was completely displaced by the prior incubation with MAPs, but not by this incubation with tubulin (Fig. 2B, C) .
The distribution of fluorescence changed dramatically with mitosis. From late G2 phase to early prophase, the intensity of immunofluorescence markedly increased 3-b) . Exactly the same MTOC position was stained by MAP-1 antibody in the same cells ( Fig.  3-B) . In human skin fibroblasts, MTOC was noticed clearly as a center from which many short microtubules nucleated, as visualized by anti-tubulin antibody ( Fig.  3-c) . This center also was stained by anti-MAP-1 antibody (Fig.  3-C) . 
DISCUSSION
A punctate pattern of immunofluorescence in the interphase nucleus has been observed in HeLa cells by staining with antibodies against ankyrin of erythrocytes (11), against MAPs of HeLa cells (21) , and against nuclear mitotic apparatus protein (22) . Another similarity of these three antibodies and the monoclonal anti-MAP-1 antibody was change in the localization of immunofluorescence during mitosis. All the antibodies showed transient disappearance of the spotted nuclear pattern during prophase and its reappearance in the cytoplasm during telophase, then in the nucleus by early interphase. Localization of the immunofluorescence in the nucleus and the centrosome found with anti-MAP-1 antibody differs distinctly from the selective staining of microtubules with antibodies against tubulin, MAP-2 and tau proteins (5, 6) . Staining of the centrosome, but not the nucleus, by antiserum raised against MAP-1 has been reported (12) . Only cytoplasmic microtubules were stained by antiserum raised against high molecular weight MAPs, which seems to react mainly with MAP-2 (23, 24) . MAP-1 is a lesser component than MAP-2 in high molecular weight MAPs, and is easily decomposed during purification. MAP-1 is clearly separable from MAP-2 as two bands on linear gradient gel electrophoresis (9) . On immunoblotting our monoclonal antibody reacted only with these two bands of MAP-1, not with MAP-2, tau or tubulin. The polypeptide of larger molecular weight of MAP-1 seems to be more reactive than the smaller polypeptide.
It remains obscure whether it is indeed MAP-1 which is present in the nucleus and the centrosome. To clarify this problem, immunoblotting with this monoclonal antibody against whole cells and isolated nuclei is now under the investigation. This experiment, as well as immunoblotting against erythrocytes, will be useful in comparing antigenic molecules for other antibodies which produce nuclear staining (11, 21, 22) . Since the centrosome is the site for the assembly of microtubules, localization of MAP-1 on the centrosome is logical because of the assembly-promoting activity of MAP-1 (8) . Moreover, enhancement of the immunofluorescence of the spindle poles during mitosis agrees with results that the microtubule-nucleating activity of the centrosome increases at mitosis (25) . The function of the antigenic molecule in the nucleus seen as dots, however, is not known. Only association of the crossreactive molecule with the nuclear skeleton is suggested by results of the preservation of nuclear immunofluorescence through treatment with detergent and a high salt concentration. The availability of monoclonal anti-MAP-1 antibody should facilitate investigations of the molecular mechanisms of mitosis as well as some nuclear functions.
